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 The Traditional Maximal Lactate Steady State Test 
versus the 5 × 2000 m Test
more, there are no common criteria to establish 
the minimum increase in lactate concentration 
required in the last 20 min of a 30-min eff ort or 
the magnitude of a change in workload on diff er-
ent days. Consequently, the level of precision in 
determining the vMLSS is consistently low and 
diff ers between studies, with some runners hav-
ing values ranging between 0.36 km·h  − 1 and 
1 km·h  − 1  [11 ,  17 ,  19 ,  26 ,  28 ,  30 ] .
 The traditional ‘gold standard’ method used to 
determine the MLSS is time-consuming and 
labour-intensive, and it introduces issues that 
relate to the inherent day-to-day variability of 
physiological measures. To address these limita-
tions, several shorter methods to estimate the 
MLSS have been proposed  [ 6 ,  14 ,  25 ] . For many 
years, the 5 × 2000 m test has been used to indi-
rectly identify the MLSS (v5 × 2000) in elite mara-
thoners, with the goal of establishing the eff ects 
of training and the pace of the competition 
 [ 21 ,  22 ] . There are no scientifi c studies on the 
practical use of the 5 × 2000 m test. This study 
sought to establish a comparison among runners 
between the vMLSS determined through the tra-
ditional protocol and the v5 × 2000, as well as the 
correspondence of both velocities to the half-
marathon velocity (vHM). In addition, our objec-
 Introduction
 ▼
 The maximal lactate steady state (MLSS) corre-
sponds to the highest workload (velocity of MLSS, 
vMLSS) that can be maintained over time with-
out the continual accumulation of blood lactate 
 [ 5 ,  13 ] . The traditional ‘gold standard’ method 
used to determine vMLSS demands several sub-
sequent, independent constant load tests that 
must be performed at diff erent workloads on dif-
ferent days. Although there have been numerous 
MLSS defi nitions and determinations, it is now 
accepted that vMLSS is attained when the blood 
lactate concentration varies by no more than 
1.0 mmol·l  − 1 between 10 and 30 min of exercise 
 [ 2 ,  4 ,  5 ,  7 ,  17 ] .
 The various aspects associated with the concept 
and determination of the MLSS are seldom dis-
cussed in the scientifi c literature. Thus, few stud-
ies have tested whether there is truly an intensity 
at which the concentration of lactate remains 
stable over time and whether this intensity cor-
responds to the one established by the protocol 
traditionally used to determine the vMLSS  [ 3 ,  7 ] . 
In addition, it is not known if the vMLSS is useful 
to establish the pace of training and competition 
for long-distance endurance events  [ 1 ] . Further-
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 Abstract
 ▼
 Here, we compared the maximal lactate steady 
state velocity (vMLSS) estimated from a sin-
gle-visit protocol (v5 × 2000) to the traditional 
multi-day protocol (vMLSS). Furthermore, we 
determined whether there was a lactate steady 
state during the time limits (Tlim) at vMLSS or 
v5 × 2000. Eight runners completed a half mara-
thon (HM), the traditional protocol to deter-
mine the vMLSS and the 5 × 2000 m test in a 
randomised order, and a Tlim at vMLSS and at 
v5 × 2000 in a randomised order. The vMLSS 
(13.56 ± 0.90 km·h  − 1 ) was higher than the 
v5 × 2000 (12.93 ± 0.90 km·h  − 1 , p = 0.001) and 
comparable to the vHM (13.34 ± 0.75 km·h  − 1 ). 
The vMLSS (r = 0.83) and the v5 × 2000 (r = 0.91) 
were associated with the vHM but were not 
indicative of the competition pace. The Tlim at 
vMLSS (64 ± 15 min) was lower than the Tlim 
at v5 × 2000 (94 ± 21 min) and the HM time 
(95 ± 5 min). In both Tlim, lactate was lower at 
45 min than upon fi nishing the eff ort and was 
predictive of its duration (p < 0.05). Our results 
indicate that the 5 × 2000 m test can be equally 
useful to assess runners as the traditional MLSS 
protocol and that there is no lactate steady state 
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tive was to determine the diff erences in the time limits (Tlim) of 
both velocities and the evolution of lactate concentration during 
their execution, with the goal of determining if a lactate steady 
state really exists.
 Materials and Methods
 ▼
 Subjects
 8 male endurance-trained runners (age: 42 ± 8 years; height: 1.75 ± 
0.08 m; body mass: 73.1 ± 6.8 kg; VO 2max : 55.3 ± 4.8 ml·kg  − 1 ·min  − 1 ; 
training volume: 61 ± 19 km·week  − 1 ) who had competed in a HM 
(95 ± 5 min) and were accustomed to treadmill running partici-
pated in the study. Before participation, each athlete completed 
a medical questionnaire and provided written informed con-
sent. Ethical approval was granted by the Research Ethics Com-
mittee of the Government of Aragón (Spain), and the study was 
conducted according to the most recent standards of the Inter-
national Journal of Sports Medicine  [ 15 ] .
 Design and procedures
 Participants visited the laboratory for physiological testing on 7 to 
10 separate occasions within a 20-d period after the HM competi-
tion. Initially, the runners performed a protocol for the traditional 
determination of the MLSS and a protocol for the 5 × 2000 m test 
in a randomised order. Subsequently, each runner was randomly 
subjected to a Tlim at vMLSS and a Tlim at v5 × 2000.
 All tests were completed in an air-conditioned room (20 °C) on a 
motor-driven treadmill (Laufergotest, Jaeger, Germany) with the 
gradient set at 1 % to simulate the oxygen cost of outdoor run-
ning  [ 16 ] . Each athlete completed all tests at the same time of 
day. Throughout the testing period, the participants were 
requested to maintain their usual dietary intake and to abstain 
from training sessions. In all tests, blood samples (3.0 ml) were 
drawn from an antecubital vein and collected in tubes. The sam-
ples were promptly centrifuged, and the plasma was stored 
below  − 25 °C. The plasma lactate concentration was analysed 
with the Cobas modular system C-711 (Roche Diagnostics). 
Heart rate (HR) was measured at 5-s intervals by short-range 
telemetry (Polar S410, Polar Electro Oy, Kempele, Finland). The 
rate of perceived exertion (RPE) was measured using Borg’s cat-
egory-ratio scale  [ 8 ] , which consists of 12 statements scored 
from 0 to 10 (from ‘nothing’ to ‘maximal’).
 The 5 × 2000 m test
 The subjects performed an incremental load test of 5 repetitions 
of 2 000 m. The subjects began running at an initial speed of 
0.9 km·h  − 1 less than their vHM, and their speed was progres-
sively increased by 0.3 km·h  − 1 every 2 000 m. The initial velocity 
was selected so that each athlete reached the vHM in the fourth 
repetition. The exercise was interrupted for 1 min for blood sam-
pling after the completion of each 2 000 m interval. The v5 × 2000 
was defi ned as the highest velocity during which the increase in 
lactate with respect to the concentration observed at the end of 
the fi rst repetition of 2 000 m was no higher than 0.4 mmol·l  − 1 
(  ●  ▶   Table 1 ). This maximum increase in lactate has been sug-
gested as the most appropriate to set the pace of competition in 
elite marathoners  [ 22 ] . After 48 h, each participant ran 7 200 m at 
v5 × 2000. The exercise was interrupted for 1 min at the 3 200-m 
mark to collect a blood sample. The v5 × 2000 was confi rmed if the 
increase in lactate from 3 200 to 7 200 m was not higher than 
0.4 mmol·l  − 1 . Otherwise, the v5 × 2000 was established as the 
lowest velocity ( − 0.3 km·h  − 1 ) reached in the 5 × 2 000 m test. RPE 
and HR were recorded at the end of each repetition of the 
5 × 2 000 m test, at 3 200 m and at the end of the 7 200-m test.
 The MLSS test
 The subjects performed an incremental load test and 3–5 con-
stant load tests. The incremental load test started at 10 km·h  − 1 
and was increased by 1.5 km·h  − 1 every 3 min until exhaustion. 
The constant load tests lasted 30 min. The exercise was inter-
rupted for 1 min for blood sampling after the completion of each 
3-min workout (incremental load test) and at 10 min (constant 
load test). The workload of the fi rst constant load test corre-
sponded to a plasma lactate concentration of 3.0 mmol·l  − 1 meas-
ured during the incremental load test. Constant load tests with 
higher or lower workloads were applied with a break of 48 h 
until the vMLSS was determined and verifi ed. The MLSS was 
defi ned as the highest plasma lactate concentration that 
increased by no more than 1.0 mmol·l  − 1 during the fi nal 20 min 
of constant workload, considering a minimal increase of 
0.7 mmol·l  − 1 . RPE and HR were recorded at 10 and 30 min of 
each constant load test. Additionally, during the incremental 
load test, VO 2 was measured by means of a Jaeger EOS-Sprint 
spiroergometer. VO 2max was chosen as the highest VO 2 value in 
the series of 30 s-by-30 s VO 2 values.
 The time limit at v5 × 2 000 and the time limit at vMLSS
 All subjects were randomly asked to perform 2 tests at the inten-
sities corresponding to the previously determined vMLSS and 
v5 × 2 000 until exhaustion. There was a 96-h interval between 
tests. In each test, the concentration of lactate was determined 
every 45 min (1 min break) and at the end of the test. RPE and the 
HR were recorded every 15 min and at the end of the test.
 Table 1  Plasma lactate values during the execution of the 5 × 2 000 m test for each subject. 
   Plasma lactate concentration (mmol·l  − 1 ) 
  vHM (km·h  − 1 )  1 a repetition
(vHM − 0.9 km·h  − 1 ) 
 2 a repetition 
(vHM − 0.6 km·h  − 1 ) 
 3 a repetition 
vHM − 0.3 km·h  − 1 ) 
 4 a repetition 
(vHM) 
 5 a repetition 
(vHM + 0.3 km·h  − 1 ) 
 v5 × 2000 
(km·h  − 1 ) 
 subject 1  13.9  1.58  1.56  1.66  1.92*  2.45  13.9 
 subject 2  13.2  2.23  2.58*  3.29  4.61  6.67  12.6 
 subject 3  13.3  2.36  2.54*  3.06  3.87  4.74  12.7 
 subject 4  12.3  3.54  3.68*  4.15  4.20  6.02  11.7 
 subject 5  12.8  2.71  2.75*  3.81  5.01  6.60  12.2 
 subject 6  14.4  2.07  2.17*  2.75  3.07  4.06  13.8 
 subject 7  13.3  2.91  2.97  3.23*  3.88  4.42  13.0 
 subject 8  14.4  2.19  2.27  2.54*  3.38  4.45  14.1 
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 Statistical analysis
 All analyses were performed using SPSS (v15.0, SPSS, Chicago, 
IL). Data are expressed as means with the corresponding stand-
ard deviations. Paired t-tests were used to compare physiologi-
cal measures. The Pearson and Spearman correlation coeffi  cients 
were used to quantify the relationships between variables. Sta-
tistical signifi cance was set at p < 0.05.
 Results
 ▼
 The 5 × 2 000 m test
 In all subjects, the v5 × 2 000 was determined in a single day 
(  ●  ▶   Table 1 ) (13.0 ± 0.87 km·h  − 1 ) (lactate: 2.7 ± 0.6 mmol·l  − 1 ; HR: 
152 ± 7 beats·min  − 1 ; RPE: 2.9 ± 0.8). In 6 out of 8 subjects, the 
v5x2000 was confi rmed during the 7200-m test (Δ lactate: 
0.23 ± 0.14 mmol·l  − 1 ) (  ●  ▶   Fig. 1 ). 2 subjects had increases greater 
than 0.4 mmol·l  − 1 (0.51 and 1.18 mmol·l  − 1 ) during the fi nal 
4 000 m of the 7 200-m test, establishing the lower intensity 
(− 0.3 km·h  − 1 ) as its corresponding v5 × 2000. Thus, the v5 × 2000 
was established at 12.93 ± 0.90 km·h  − 1 . During the fi nal 4 000 m 
of the 7 200-m test, we observed an increase in HR 
(7 ± 3 beats·min  − 1 , p < 0.001) and in the RPE (0.9 ± 0.6, p = 0.020). 
The v5 × 2000 was signifi cantly lower than the vHM (12.93 ± 0.90 
vs. 13.34 ± 0.75 km·h  − 1 , respectively, p = 0.002) (  ●  ▶   Fig. 2 ). The 
v5 × 2000 was highly correlated with the vHM (r = 0.91, p = 0.001) 
and lactate concentration at v5 × 2000 (r =  − 0.76, p = 0.030).
 The MLSS test
 We needed 3.6 ± 0.7 days (range: 3–5 days) to identify the vMLSS 
(13.56 ± 0.90 km·h  − 1 ) with a lactate increase of 0.87 ± 0.10 mmol·l  − 1 
(range: 0.72–1.0 mmol·l  − 1 ) between 10 (3.87 ± 1.08 mmol·l  − 1 ) and 
30 min (4.74 ± 1.06 mmol·l  − 1 ) (p < 0.001) (  ●  ▶   Fig. 3 ). We also found 
evidence of increases in HR (11 ± 4 beats · min  − 1 , p < 0.001) and 
RPE (0.9 ± 0.6, p = 0.020). Although there were no signifi cant dif-
ferences between the average vMLSS and the average vHM 
(p = 0.498), both velocities were clearly diff erent for each subject 
(  ●  ▶   Fig. 2 ). The vMLSS was signifi cantly higher than the v5 × 2000 
(p = 0.001). The vMLSS was highly correlated with the vHM 
(r = 0.83, p = 0.010), the v5 × 2000 (r = 0.94, p < 0.001) and the lac-
tate concentration at 10 (r =  − 0.72, p = 0.044) and 30 min 
(r =  − 0.72, p = 0.045) of the MLSS test.
 The time limit at v5 × 2000 and the time limit at vMLSS
 The Tlim at v5 × 2000 (94 ± 21 min) was signifi cantly higher than 
the Tlim at vMLSS (64 ± 15 min) (p = 0.001). There were no sig-
nifi cant diff erences between the HM time and the Tlim at 
v5 × 2000 (p = 0.902); however, there were diff erences with 
respect to the Tlim at vMLSS (p < 0.001). We observed increases 
associated with the duration of the eff ort in the lactate concen-
tration, HR and RPE in both tests. For the Tlim at v5 × 2000, the 
lactate concentration at 45 min (4.07 ± 0.86 mmol·l  − 1 ) was not 
signifi cantly higher than that observed at 3 200 m (average 
15 min, p = 0.110) or at 7 200 m (average 33 min, p = 0.385) during 
the 7 200-m test, but it was signifi cantly lower than that 
observed at the end of the eff ort (5.44 ± 1.31 mmol·l  − 1 , p = 0.006). 
For the Tlim at vMLSS, the lactate concentration at 45 min 
(6 subjects: 5.86 ± 1.17 mmol·l  − 1 ) was signifi cantly higher than 
that observed during the MLSS test at 10 min (p = 0.002) and 
30 min (p = 0.027) and signifi cantly lower than that observed at 
the end of the eff ort (7.07 ± 1.18 mmol·l  − 1 ) (p < 0.001). Regarding 
the Tlim at v5 × 2000, the RPE increased from 3.9 ± 0.8 at 45 min 
to 8.8 ± 1.0 at the end of the eff ort (p < 0.001), and HR increased 
from 164 ± 10 to 173 ± 10 beats·min  − 1 (p = 0.003) for the same 
measurement times. Similar results were observed for the Tlim 























 Fig. 3  Changes in the plasma lactate concentration of each subject dur-
ing the last 20 min of a 30-min eff ort, in which the vMLSS was identifi ed. 
 Fig. 1  Changes in each subject in the plasma lactate concentration in 
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increased from 4.8 ± 1.3 to 8.6 ± 1.4 (p < 0.001), and the HR 
increased from 169 ± 6 to 175 ± 10 beats·min  − 1 (p = 0.011).
 The Tlim at v5 × 2000 was signifi cantly associated with the lac-
tate concentration at 45 min (r =  − 0.72, p = 0.046) (  ●  ▶   Fig. 4 ) and 
with the v5 × 2000 (r =  − 0.74, p = 0.037), indicating a non-signifi -
cant relationship with the vHM (r =  − 0.66, p = 0.074). The Tlim at 
vMLSS was signifi cantly associated with the lactate concentra-
tion at 45 min (6 subjects) (r =  − 0.83, p = 0.042). The RPE rose 
linearly in each subject throughout both Tlim trials (  ●  ▶   Fig. 5 ). 
For Tlim at v5 × 2000, there were inverse linear relationships 
between the trial duration and the rate of increase in RPE 
(r =  − 0.92, p = 0.001) and the RPE at 60 min (r =  − 82, p = 0.012), 
but not with the RPE at 15 (r = 0.56, p = 0.153), 30 (r =  − 0.28, 
p = 0.497) or 45 min (r =  − 0.65, p = 0.084). The Tlim at vMLSS was 
signifi cantly associated with the RPE at 30 min (r =  − 0.77, 
p = 0.026), but not with the rate of increase in RPE (r =  − 0.51, 
p = 0.456) or with the RPE at 15 min (r =  − 0.13, p = 0.766).
 Discussion
 ▼
 This study establishes, for the fi rst time in long-distance run-
ners, a comparison between the 5 × 2000 m test and the tradi-
tional test to determine the MLSS, as well as the Tlim at v5 × 2000 
and the Tlim at vMLSS. The results obtained here deserve dis-
cussion from several diff erent perspectives.
 Importantly, our results indicate that the 5 × 2000 m test can be 
useful, in a single day and with an elevated level of precision, to 
establish the maximal velocity that induces an increase in lac-
tate no higher than 0.4 mmol·l  − 1 during the last 4 000 m (average 
of 18 min and 28 s in our study) of a 7 200-m test. Specifi cally, 
this was achieved in 6 out of the 8 subjects analysed. The 2 sub-
jects in whom this criterion was not satisfi ed had increases in 
lactate comparable to the criteria established in the traditional 
protocol to determine the MLSS. Future studies with a larger 
sample size should be performed to confi rm these results. In 
contrast, for an equivalent level of precision, 3–5 days (not 
including the initial incremental test) were required to identify 
the vMLSS. In addition, the level of correlation with the vHM was 
higher for the v5 × 2000 than for the vMLSS. This suggests that 
the 5 × 2000 m test can be especially useful to determine the 
eff ects of training in long-distance runners. Although other tests 
that require only 1 day (e. g., the incremental test) have also 
proven to be useful in diff erentiating homogenous groups that 
compete in long-distance events  [ 20 ] , we can speculate that the 
sensitivity may be higher in the 5 × 2000 m test due to the higher 
level of precision and the use of velocities that are similar to 
those used in competition. This issue will be addressed in future 
investigations. In addition, the 5 × 2000 m test can be adjusted 
better than other tests to the characteristics of the training ses-
sions used by runners who compete in long-distance events, 
which facilitates the use of the test to regularly control the 
eff ects of training. The adaptation of the 5 × 2000 m test to other 
sports (e. g., rowing, cycling and swimming) may be of interest to 
future investigations.
 In this study, we observed that the concentration of lactate at 
the v5 × 2000 and at the vMLSS was lower in the best runners. 
This analysis deserves further investigation and could lead to 
interesting practical applications for models that establish the 
anaerobic threshold for a fi xed lactate concentration. The aver-
age increase of the vMLSS to 0.64 km·h  − 1 higher than the 
v5 × 2000 is reasonable, considering the diff erences between the 
protocols in the maximal increase of lactate permitted for iden-
tifi cation during constant exercise (1.0 and 0.4 mmol·l  − 1 , respec-
tively). Determining the diff erences between vMLSS and 
v5 × 2000 matching the maximally accepted increase in lactate 
concentration may be of interest for future studies. Importantly, 
these results demonstrated the elevated sensitivity of the lactate 
concentration to small changes in intensity, which highlights the 
importance of identifying the MLSS with a high level of preci-
sion. On the other hand, the diff erences that we observed for 
each subject between the vHM with the vMLSS and the v5 × 2000 
lead us to believe that for the sample analysed, the runners can-
not use the vMLSS and the v5 × 2000 as the race pace for a long-
distance event. Future studies should confi rm these results by 
determining the vMLSS and the v5 × 2000 through fi eld tests and 
by evaluating elite runners.
 Our results also support previous studies that have suggested 
important diff erences in running performance on treadmills, 
asphalt and synthetic track surfaces  [ 9 ,  18 ,  24 ,  27 ] . Specifi cally, 
we observed that although the average vHM (13.34 km·h  − 1 ) was 
 Fig. 4  The relationship between the Tlim at v5 × 2000 and the plasma 
lactate concentration at 45 min. 
r = –0.72
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 Fig. 5  The rating of the perceived exertion (RPE) for each subject against 
exercise duration during the Tlim at v5 × 2000. 
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only slightly less than that for the vMLSS (13.56 km·h  − 1 ), the 
average Tlim at vMLSS (64 min) was much lower than the aver-
age time that the athletes took to accomplish the HM (95 min). 
Along these lines, although the v5 × 2000 (12.93 km·h  − 1 ) was sig-
nifi cantly lower than the vHM (13.34 km·h  − 1 ), the average of 
Tlim at v5 × 2000 (94 min) was equivalent to the average time of 
the HM (95 min). At the expense of future studies that deter-
mine the diff erences in the vMLSS and the v5 × 2000 as well as in 
their respective Tlim between laboratory and fi eld protocols, 
this analysis is predicted to achieve, at least on a practical level, 
the evaluation of runners through fi eld tests. Nevertheless, it is 
possible that these results may partially be a result of the diff er-
ent conditions associated with the implementation of a Tlim, 
with respect to the context of long distance competitions. On 
this issue it should be specifi ed that the best runners achieved a 
lower Tlim at v5 × 2000, which suggests that this test does not 
provide useful information for evaluating runners.
 The rate of increase in RPE predicts the VO 2max in the fi rst few 
stages of an incremental exercise test  [ 12 ] and the exercise dura-
tion at a fi xed power output in the fi rst minutes of exercise  [ 10 ] . 
Our results confi rmed that the RPE is sensitive to the intensity 
and duration of exercise. Our results also confi rmed the results 
of Crewe et al.  [ 10 ] that the increase in RPE is a linear function of 
exercise duration and that the time to volitional exhaustion is 
inversely related to the absolute rate of RPE increase. These fi nd-
ings indicate that the brain, in response to aff erent feedback 
from multiple systems in the body, perceives that exercise is 
becoming progressively more demanding, even though the work 
rate remains constant, supporting the theory of the central gov-
ernor model in the regulation of fatigue from exercise  [ 23 ] . In 
this way, an important application is that the time to fatigue 
could be predicted by RPE values within the fi rst moments of 
exercise. Our results show, however, that when all athletes per-
form at the same relative intensity (e. g., vMLSS or v5 × 2000), the 
exercise duration can only be predicted in advanced stages of 
exercise when some runners are close to exhaustion: 60 min for 
the Tlim at v5 × 2000 (range of Tlim: 64–120 min), 30 min for the 
Tlim at vMLSS (range of Tlim: 41–80 min). In this regard, several 
factors must be considered to compare results from diff erent 
studies: the size and homogeneity of the sample, the methods 
used to determine the intensity of exercise, the Borg RPE scale 
used and the time interval of RPE data recording.
 Interestingly, during a 2-h eff ort, swimmers have been shown to 
select a strategy that allows them to develop the highest possible 
velocity and keep their serum lactate concentration stable  [ 1 ] . In 
contrast, our results show that, probably due to the impossibil-
ity of regulating eff ort during the implementation of a Tlim at 
v5 × 2000 and a Tlim at vMLSS, there is no true lactate steady 
state. In fact, the lactate concentration during the eff ort was an 
important predictor of the Tlim. A progressive increase in the 
lactate concentration during the Tlim at v5 × 2000, and espe-
cially during the implementation of the Tlim at vMLSS, is not 
surprising if we consider that the protocols established to deter-
mine both velocities were developed for an unstable physiologi-
cal situation (signifi cant increases in lactate, HR and RPE). Other 
factors may also signifi cantly contribute to the increases in these 
parameters with the duration of the eff ort. In this regard, as the 
duration of exercise at constant intensity increases, the running 
economy  [ 29 ] and the regulation of body temperature  [ 10 ] 
worsen. Although an increase in the lactate concentration asso-
ciated with the duration of exercise during the implementation 
of the Tlim at vMLSS (using the Billat test) has been observed  [ 7 ] , 
in a recent study by Baron et al.  [ 3 ] , during the implementation 
of the Tlim at vMLSS in a cycle ergometer, the arterial lactate 
concentration decreased upon fi nishing the exercise, accompa-
nied by signifi cant increases in HR and RPE. Future studies 
should clarify these contradictory results. We analyzed the con-
centration of lactate every 45 min during the execution of Tlim 
at vMLSS and at v5 × 2000. This schedule allowed only 1 or 2 
periods of rest (for blood collection), which ensured accuracy in 
the determination of lactate concentration and Tlim. A greater 
number of blood samples might be useful in future studies so 
that lactate kinetics during exercise can be analysed in more 
detail.
 In conclusion, our results suggest that (i) in middle-aged ama-
teur runners, the 5 × 2 000 m test can, in a single day, be equally 
useful in the assessment of runners as the traditional protocol to 
determine the MLSS; (ii) the vMLSS and the v5 × 2000 are 
strongly correlated with the vHM but are not useful for estab-
lishing competition pace; (iii) the vMLSS and the v5 × 2000 are 
not associated with a steady lactate level over time; and (iv) the 
implementation of a Tlim at vMLSS and at v5 × 2000 on a tread-
mill does not provide useful information. Further exploratory 
research in athletes competing in other sports and in athletes 
with greater sports performance is suggested.
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